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Abstract 
Despite a large amount of work have been carried out to prepare polymer/graphene hybrid 
nanocomposites, preparing rubber composites filled with graphene oxide via layer by layer (LBL) 
electrostatic self-assembly has not yet been reported. In this work, free-standing conductive multilayer 
film of (PEI/XNBR/PEI/GO)30 (30 is referred to the number of deposition cycles) was fabricated on glass 
substrate through alternative LBL self-assembly with graphene oxide (GO), carboxylic acrylonitrile 
butadiene rubber (XNBR) latex, and polyethyleneimine (PEI). During the self-assembly process, 
negatively charged carboxyl groups on XNBR latex and GO sheets can be electrostatically bound by 
positively charged amino groups from PEI molecules. After thermal treatment, XNBR latex particles in 
each layer are gradually mixed together and became a continuous rubber film layer, and partial ionic 
bonds among XNBR latex, PEI and GO sheets are changed into covalent amide bonds. The formation of 
the multilayer XNBR/graphene film with ordered arrangement of GO sheets and XNBR latex layers was 
demonstrated by atomic force microscopy (AFM) and scanning electron microscopy (SEM). The obtained 
XNBR/graphene film exhibited a significant improvement in mechanical properties, namely, 192% 
increase of the tensile strength and 215% increase of the elastic modulus. Besides, electrical conductivity 
of the prepared multilayer film reached 8.2E-03 S·cm-1 after thermal reduced reaction. Hopefully, this 
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prepared multilayer film may be potentially used as an elastomeric conductive material.                          
Keywords: A. Layered structures, A. Thin film, B. Elasticity, B. Electrical properties 
1. Introduction 
Graphene, first discovered in 2004 [1], has attracted voluminous attention in the past 
decade. As many theoretical and experimental researches reported before, graphene possesses 
many excellent properties such as excellent mechanical properties [2, 3], outstanding thermal 
conductivity [4], large specific surface area [5] and extraordinary electronic transport 
performance [6]. However, the poor solubility of graphene in both polar and non-polar solvents 
has great limitations in the preparation and application of graphene-based nanocomposites [7, 8]. 
Compared with graphene, graphene oxide (GO) sheets have more potential applications owing 
to their oxygen containing groups such as carboxylic, hydroxyl, and epoxy [9-12]. These oxygen 
containing groups make GO form a stable aqueous colloid through electrostatic stabilization 
[13]. Therefore, GO can be applied in the fabrication of the highly dispersed graphene-based 
polymer nanocomposites [14]. Inspired by its large specific surface area and lamellar structure, 
GO sheets may serve as the building blocks to enhance the mechanical and electrical properties 
of the nanocomposites. 
A layer-by-layer (LBL) self-assembly technique [15] has been exploited to fabricate novel, 
multifunctional hybrid films with predetermined organization of different components with 
nanometer precision [16]. GO sheets are negatively charged in aqueous solution at pH 6.5, thus 
they can be employed to prepare desired multifunctional films via LBL electrostatic 
self-assembly by alternation with cationic polyelectrolytes [17-20]. Through this strategy, 
precise control over the structures of composites could be realized in nanometer scale. Recently, 
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researches on GO sheets have progressed remarkably in a wide variety of applications by LBL 
self-assembly technique, such as enhancement in mechanical property [19-24], super electrical 
devices like battery and supercapacitors [27, 28], and gas barrier application [29]. It can be seen 
that graphene-based nanocomposites via LBL self-assembly possess great potential applications 
in the area of functional materials.     
It is noteworthy that high-structural integrity yet solution-processable graphene sheets have 
been developed for polymer composites [30-32], and once compounded with elastomers, these 
sheets can improve both mechanical properties and electrical conductivity [33, 34]. There are 
mainly three methods which have been used for the fabrication of graphene/rubber 
nanocomposites: including mechanical blending [35-37], solution mixing [38, 39], and latex 
co-coagulation [40, 41].  Mechanical blending is widely used in mass production of both 
laboratory and factory, but it may leads to the aggregation of GO sheets under large filling 
amount of GO. Although solution mixing produces good dispersion and exfoliation of GO, the 
process of solvent evaporation will destroy the environment. Latex co-coagulation method 
involves mixing of latex and other fillers, and then the polymer blends can be co-precipitated by 
adding flocculants. In this way, GO can be well dispersed in the rubber latex, but the random 
orientation of GO limits the rubber/graphene compound’s application. Currently, few studies are 
focused on using layer-by-layer self-assembly technology to develop elastomer nanocomposites 
[42-46]. Generally, researches were mainly focused on the following three aspects: the 
modification the rubber surface to optimize its resistance to wear [42], biocompatibility with 
living organism [43-45] and tissue engineering and biomedicine [46]. For instance, 
Sruanganurak et al. [42] deposited PMMA particles onto the natural rubber (NR) latex film by 
4 
 
LBL technique to increase the glove’s roughness and hardness. Besides, the method of LBL on 
rubber composites can be applied in biological research area. Christiane et al. [45] found that 
the LBL film fabricated by poly(allylamine hydrochloride) (PAH) and NR was made of smaller 
and flattened particles, which was not efficient for the growth and proliferation of normal 
human fibroblasts. However, no effort in the preparation of graphene/rubber composites by 
using LBL self-assembly strategy has been made. This strategy allows the assembly of different 
organic and inorganic building blocks into well-defined composite films with precise control of 
the film thickness and desired architecture.     
In this article, we first demonstrated the successful fabrication of the free-standing 
multilayer films of alternating negatively charged GO sheets, positively charged 
polyethyleneimine (PEI), and negatively charged carboxylic acrylonitrile butadiene rubber 
(XNBR) latex by electrostatic LBL self-assembly. Then, the obtained multilayer films were 
transformed from insulation state to conductive state by thermal reduction. The growths, 
morphology, mechanical and electrical behaviors of the multilayer films were investigated in 
detail.  
2. Experimental section 
2.1 Materials 
Polyethyleneimine (PEI) (branched, Mw=50000, 50%) was purchased from Sigma. P-type 
polished single-crystal silicon (111) wafers were procured from Huayan Silicon Materials 
Company (Zhejiang, China). The quartz slides were produced by Hongjun Optical Instrument 
Company (Jiangsu, China). Potassium permanganate (KMnO4, 99.5%), sulfuric acid (H2SO4, 
98%), sodium nitrate (NaNO3, 99.0%), hydrogen peroxide (H2O2, 30%), hydrochloric acid (HCl, 
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37%), and methanol (CH3OH, 99.5%), which were all used for the preparation of graphene 
oxide (GO), were supplied by Beijing Chemical Reagents Co., Ltd. (China). Carboxylic 
acrylonitrile butadiene rubber (XNBR) latex (NipolLX550L, acrylonitrile content ~27%, total 
solid ~45%) was provided by Nippon Zeon Corporation (Japan). Natural graphite flakes were 
supplied by Huadong Graphite Factory (China).  
2.2 Synthesis of GO 
Graphite oxide was prepared by oxidation of natural graphite power according to a 
modified Hummers’ method [47]. Briefly, 50 ml of H2SO4 was put into a 500 ml three-neck 
flask in an ice-water bath, meanwhile 1.5 g natural graphite and 1.5 g NaNO3 were added into 
the flask under stirring. Then 6g KMnO4 was slowly added into the mixture in order to keep its 
temperature below 20 oC. Afterwards, the mixture was heated to 35 oC and maintained for 40 
min. Then 69 ml deionized water was slowly added to avoid a high temperature of the solution 
above 98 oC. The mixture was further stirred for 20 min at 98 oC, then 170 mL deionized water 
and 35 mL H2O2 (30%) were put into the mixture. Later, the outcome was filtered, washed with 
5% of HCl solution and methanol several times, and then dried in vacuum oven. Finally, 
graphite oxide was dispersed in deionized water under sonication for 40 min to prepare 0.5 
mg/mL solution of exfoliated GO for LBL self-assembly.     
2.3 Fabrication of GO/XNBR film 
Firstly, the substrates of glass slides and silicon wafers were cleaned in “Piranha” solution 
(7:3 v/v of concentrated H2SO4: 30% H2O2) for half an hour and washed with generous water, 
then dried in a steam of nitrogen. The multilayer films were constructed on the substrates by 
sequential adsorption of the positively charged PEI and the negatively charged GO and XNBR 
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latex. The substrates were immersed in a PEI aqueous solution (2mg/mL) for 5 min to get a 
positively charged surface, then rinsed with deionized water and dried by blowing N2 gas. Then 
the PEI-precoated substrates were then immersed in XNBR latex aqueous solution (2mg/mL) 
for 5 min. Then the substrates were heated at 120 oC for 2 min to make the water vapor rapidly 
so latex articles gradually contacted and fused to a successive film layer. Afterwards, the 
substrates were re-immersed in PEI solution for 5mins, then rinsed and dried. After that, the 
substrates were immersed in the as-prepared GO dispersion for 5 min and rinsed with deionized 
water and dried again. Desired multilayered films of (PEI/XNBR/PEI/GO)n (n represents the 
number of deposition cycles) were obtained by repeated deposition cycles of the above 
mentioned alternating of XNBR latex, PEI and GO dispersion. The free standing films were got 
by immersing the substrates in 0.5% HF aqueous solution and rinsed by deionized water. Then 
the resulting films were dried in room temperature for 24 hour before characterization. The 
simple schematic representation of the assembling process and the target multilayer film 
structure were schematically indicated in Fig. 1. During the LBL electrostatic self-assembly 
process, negatively charged carboxyl groups of XNBR latex and GO sheets can be adsorbed by 
positively charged amino groups from PEI molecules through electrostatic attraction. After the 
assembled films heated by hot plate, part of the ionic bonds between XNBR latex, PEI and GO 
changed into covalent amide bonds. Finally, the multilayered rubber/graphene oxide films were 
fabricated with the structure of alternating GO sheets and XNBR latex layer.   
2.4 Characterization 
The growth of film assembly was monitored by ultraviolet (UV)-visible spectroscopy 
(HITACHI, U-3900H). The morphology of the surface and cross section of the films were 
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investigated by field emission scanning electron microscopy (FESEM, Hitachi SEM 4800). The 
glass transition temperature was investigated using a Mettler-Toledo differential scanning 
calorimeter (DSC). All samples were cooled to -150 oC at 10 oC/min and reheated up to 100 oC 
at 10 oC/min. Thermal gravity analysis (TGA) test was developed by a thermal gravimetric 
analyzer of Mettler-Toledo with a heating interval ranging from 30-650 oC (heating rate 10 
oC/min). Atomic force microscopy (AFM) images of thicknesses and surface size of GO were 
characterized using an (Bruker) AFM microscope in tapping mode. Fourier transform infrared 
spectra (FTIR) were conducted on a Bruker Tensor 27 spectrometer. All the spectra were 
obtained at a resolution of 4 cm-1 in the wavenumber range of 600-4000 cm-1. The chemical 
composition of graphite and GO were determined by X-ray photoelectron spectroscopy (XPS). 
XPS measurements were carried out on an ESCALAB 250 XPS system (Thermo Electron 
Corporation, USA) with an Al Kα X-ray source (1486.6 eV photons). The core-level signals 
were obtained at a photo electron take off angle of 45° with respect to the sample surface. The 
X-ray source was run at a reduced power of 150 W. The pressure in the analysis chamber was 
maintained at 10−8 Torr or lower during each measurement. All binding energies (BEs) were 
referenced to the C1s hydrocarbon peak at 284.6 eV to compensate for surface charging effects. 
X-ray diffraction (XRD) measurements were tested by using a Rigaku D/max 2500 VB2+PC 
diffraction with Cu Kα radiation (λ=0.154 nm, scanning rate is 2 oC/min). Tensile tests were 
carried out by the tensile instrument of Instron 11185 (Instron Corporation, American), with a 
crosshead speed of 2 mm/min at ambient temperature. The electrical conductivity of samples 
was measured with a four-probe conductivity test meter (RTS-9, China, Guangzhou) at ambient 
temperature. 
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3. Result and discussion 
 
3.1 Characterization of GO 
With many oxygen-containing functional groups, graphene oxide (GO) sheets can be well 
dispersed in water after ultrasonic for 40 min. Fig. 2(b) exhibits a tapping-mode AFM image of 
GO sheets deposited onto a mica substrate from an aqueous dispersion with a concentration of 
0.02 mg/ml. AFM images show that most GO sheets had heights of ~1.3 nm, which is consistent 
with Li and her co-workers’ result [13]. This fact reveals characteristics of fully exfoliated GO 
sheets. 
Fig. 3(a) shows the XRD patterns of natural graphite and graphite oxide. The diffraction 
peak in the XRD pattern of graphite oxide is appeared at 11.4o, corresponding to the repeating 
interlayer spacing of 0.78 ± 0.1 nm. It is significantly larger than that of pristine graphite (about 
0.34 nm), owing to the intercalations of oxide containing groups. 
From the FTIR spectra of Fig. 3(b), we can also get the proof of the successful product of 
graphite oxide. The newly absorption peak of 1731 cm-1 is attributed to the carbonyl group(C=O) 
stretching vibration. Besides the absorbance peaks around 3432 cm-1 of hydroxyl group and 
1400 cm-1 of O-H deformation of graphite oxide was larger than those of graphite, which 
provides clear evidence that graphite was normally oxidized.   
The result can be further confirmed by the XPS C1s core level spectra of both natural 
graphite and graphite oxide, which can be seen in Fig. 4. The C1s XPS spectrum of graphite 
oxide clearly indicates a considerable degree of oxidation with four components corresponding 
to carbon atoms in different functional groups: non-oxygenated ring C (C-C of sp2 carbon, 284.6 
eV), C in C-O bonds (286.6 eV), carbonyl C (C=O, 287.5 eV), and carboxylic acid carbon 
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(O-C=O, 289.5 eV). The elemental analysis illustrates that C/O atomic ratio (2.5) of graphite 
oxide is much lower than that (20.7) of pristine graphite, which demonstrates the oxidation of 
natural graphite. 
3.2 Morphology and structure of multilayer films  
The successive construction of LBL self-assembled multilayer films has been monitored by 
using UV-vis absorption spectroscopy after each deposition cycle of GO. Fig. 5 shows the 
UV-vis adsorption spectra of the (PEI/XNBR/PEI/GO)n (n=1-10, number of the deposition 
cycles) films on quartz slides. An absorption peak at around 227 nm is the characteristic peak of 
GO [48]. The linear increase of spectra intensity in the peak absorbance at 227 nm confirms that 
the deposition of LBL procedure is very uniform, which can be seen in the insert corner of Fig. 
5.  
It can be seen that the cross-section of the (PEI/XNBR/PEI/GO)30 film exhibits a similar 
layered structure, as shown in Fig. 6. The film is dense and has a uniform thickness of about 
5μm, which is basically in accordance with 30 times diameter of the XNBR latex. It can be seen 
in Fig. 2(a) that the average diameter of the latex particle is about 100-200 nanometers. From 
the right higher magnification image, we can see the apparent bedded structure of the 
cross-section of the free standing film, revealing a high degree of ordering GO sheets in XNBR 
latex.    
Fig. 7 exhibits the surface morphology of the (PEI/XNBR/PEI/GO)5 film. It can be seen 
that latex layer is covered with sheet-shaped folds, which confirmed the successful assembly of 
GO layer. After heat treatment, XNBR latex particles gradually mixed together and became a 
continuous rubber film layer. Firstly, the ends of the molecular chains and segments in the 
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surface of the latex can realize mutual motion and diffusion by thermal treatment. Then, with 
evaporation of the water contained in the latex, the XNBR latex particles gradually contacted 
with each other. With further remove of the moisture, latex particles progressively approached 
each other and engendered deformation. Finally, accompanied by the protective layer’s rupture, 
the expansion contact region of the latex particles fused with each other to achieve a continuous 
monolayer film. Since the sizes of latex particles vary between 100 nm to 200 nm, therefore, the 
surface of the obtained multilayer film is rough to some extent.  
3.3 FTIR of the multilayer film 
The FTIR spectra of pure XNBR film and (PEI/XNBRL/PEI/GO)30 film are shown in Fig. 
8. For the spectrum of pure XNBR film, the broad band at 3100~3600 cm-1 is due to the O-H 
stretching in H–O–H, and the peaks at 2924 cm-1 and 2854 cm-1 correspond to the presence of 
–CH2– bond. Besides, the absorption peak at 2239 cm
-1 belongs to the stretching of –CN. As for 
the spectrum of LBL film, the strengthened peak intensity at 1647 cm-1 is attributed to the 
carbonyl stretching (C=O) in CONH amide [49]. Moreover, it can be seen the newly appeared 
peaks of 1306 cm-1 and 1519 cm-1 which are corresponding to the combination of the C–N 
stretching and N–H bending vibration of amide bonds. Thus we can get the conclusion that 
thermal treatment of the LBL film may leads to the formation of amide bonds between the 
amino groups of PEI and the carboxyl group on the surface of XNBR latex and GO sheets. 
3.4Thermal properties of the multilayer film 
                                                            
DSC was used to compare the glass transition temperature (Tg) of pure XNBR film and the 
LBL assembled film (PEI/XNBRL/PEI/GO)30. As shown in Fig. 9, compared with that of pure 
XNBR film, Tg of the LBL film has an increase from -15.5 to -10 oC. This increase can be 
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partially attributed to the influence of the ionic bonding interaction among PEI, XNBR and GO. 
Besides, PEI is used as one of the LBL partners due to its terminal -NH2 and backbone -NH 
groups, which can initiate chemical bonds with groups of carboxyl from both GO and XNBR 
latex. The cross-linking of GO-PEI-XNBR was achieved by heating the films to 120 oC after 
each deposition of the XNBR latex layer, resulting in the amide bonds between PEI, XNBR and 
GO, which complemented the intrinsic ionic bonding of the LBL films [50]. Formation of the 
amide bonds has been proved by above FTIR spectrum of the LBL film. Chemical bonds 
increases the connectivity of the XNBR latex’s matrix with GO sheets, thus hinders the mobility 
of the rubber molecular chain, leading to the increase of Tg of the LBL film.  
Fig. 10 shows the TGA curves of (PEI/XNBR/PEI/GO)30 film and XNBR latex film, which 
are employed to search for the thermal behavior difference between pure XNBR latex film and 
LBL film. As for the LBL film, it can be observed that when the temperature is below 100 oC, 
there is hardly any weight loss which means that there is not much absorbed water. A weight 
loss of 15.6 % can be observed from the stage of 100 to 400 oC, corresponding to the thermal 
decomposition of labile oxygen-containing functional groups on GO sheets [51] and chain 
degradation of PEI molecules [52]. From the curve of pure XNBR latex film, it can be seen that 
when the temperature is above 354 oC there is a sharp decrease which means that the XNBR 
chains begin to degrade. Both films show nearly no weight loss when the temperature is above 
500 oC. The residual mass of LBL film is about 24.3 %, which is attributed to the ash content 
and graphite product. Getting rid of the 10.3 % residual ash from pure XNBR film, the 
remaining 14% weight loss is belonging to the graphite product. As reported before, the overall 
weight loss of GO is about 46 % at 30 -700 oC [51], which means that GO is about 30 % mass 
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proportion in the LBL film. 
3.5 Mechanical and electrical properties of the multilayer film 
Table 1 exhibits a significant enhancement in mechanical properties of the LBL assembling 
GO/XNBR multilayer film: that is, a 192 % improvement of tensile strength and a 215 % 
increase of elastic modulus compared with pure XNBR film. However, the data clearly show 
that the mechanical properties do not change so much, by adding of pure PEI. The increase in 
mechanical performance of (PEI/XNBR/PEI/GO)30 film can be attributed to the regular layer 
arrangements with enhanced interaction between GO and XNBR bound through PEI and a high 
degree of orientation of GO sheets, which lead to much more efficient stress transfer between 
the rubber phase and the stiff GO sheets.  
To reveal the influence of deposition cycles on the electrical conductivity of the thermal 
reduced (PEI/XNBR/PEI/GO)n films, the resistances of the films with different deposition 
cycles were measured, and the results are depicted in Fig. 11. It can be seen that the electrical 
conductivity of the multilayer films increase from 6.5E-4 S·cm-1 to 8.2E-3 S·cm-1 as their 
deposition cycles increase from 2 to 30. We attribute the increase of the electrical conductivity 
of the multilayer films to the increase of the GO layers. 
4. Conclusions 
The uniform multilayer (PEI/XNBR/PEI/GO)n films with high homogeneity and 
orientation were successfully fabricated by the layer-by-layer (LBL) assembly technique driven 
by electrostatic force between alternating cationic-PEI  and anionic latex-XNBR and graphene 
oxide-GO . As compared with pure XNBR-rubber films, thermal stability of the nano-organized 
composite LBL-film was enhanced, with a Tg increased by 5.3 
oC. The multilayer 
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rubber/graphene oxide film has ordered arrangement of GO sheets and XNBR latex layers, 
which exhibits a significant improvement in mechanical properties, namely, 192 % increase of 
tensile strength and 215 % increase of elastic modulus. The increase in tensile strength of LBL 
film is attributed to the orientation of GO sheets and the combination of amide and ionic bonds 
between GO sheets and XNBR layers, which result in a high efficient load transfer between 
rubber phase and stiff graphene sheets. Besides, the electrical conductivity of the film reaches 
8.2E-03 S·cm-1 after thermal reduction making promises for its potential use as an elastomeric 
conductive material. 
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Figure captions 
Fig. 1. (a) The schematic of the main assembly procedure of XNBR latex, PEI and GO sheets; (b) The final 
architecture diagram of purpose on a substrate of glass slide or silicon wafer. 
Fig. 2. (a) SEM image of XNBR latex dispersion in aqueous deposited on the silicon wafer; (b) A typical AFM 
tapping-mode image of GO sheets deposited onto a mica substrate from an aqueous dispersion, indicating a sheet 
thickness of about 1.3nm. 
Fig. 3. (a) XRD patterns of natural graphite and graphite oxide; (b) FTIR spectra of natural graphite and graphite 
oxide. 
Fig. 4. C1s core level spectra of (a) natural graphite and (b) graphite oxide. 
Fig. 5. UV-vis absorption spectra of multilayer films of (PEI/XNBR/PEI/GO)n (n=1-10) on a quartz substrate, n 
represents the number of deposition cycles. The insert is a plot of absorbance at 227nm versus the number of 
deposition cycles 
Fig. 6. Cross-section morphology of free standing film of (PEI/XNBR/PEI/GO)30 with different magnifications 
Fig. 7.Surface morphology of (PEI/XNBR/PEI/GO)5 film which was assembled on silicon wafer with different 
magnifications.  
Fig. 8. FTIR spectra of pure XNBR film and LBL assembly film of (PEI/XNBRL/PEI/GO)30. 
Fig. 9. DSC curves of LBL assembly film of (PEI/XNBR/PEI/GO)30  and XNBR latex film. 
Fig .10. TGA curves of LBL assembly film of (PEI/XNBR/PEI/GO)30 and XNBR latex film. 
Fig. 11. Plot of the electrical conductivity of (PEI/XNBR/PEI/GO)n films versus the deposition cycles 
Table 1. Mechanical properties of pure XNBR film and its LBL assembly films. 
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Fig. 1. (a) The schematic of the main assembly procedure of XNBR latex, PEI and GO sheets; (b) The final 
architecture diagram of purpose on a substrate of glass slide or silicon wafer. 
 
Fig. 2. (a) SEM image of XNBR latex aqueous dispersion deposited onto a silicon wafer; (b) A typical AFM 
tapping-mode image of GO sheets deposited onto a mica substrate from an aqueous dispersion, indicating a sheet 
thickness of about 1.3 nm. 
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Fig. 3. (a) XRD patterns of natural graphite and graphite oxide; (b) FTIR spectra of natural graphite and 
graphite oxide.   
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Fig. 4. C1s core level spectra of (a) natural graphite and (b) graphite oxide. 
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Fig. 5. UV-vis absorption spectra of multilayer films of (PEI/XNBR/PEI/GO)n (n=1-10) on a quartz substrate, n 
represents the number of deposition cycles. The insert is a plot of absorbance at 227 nm versus the number of 
deposition cycles. 
 
 
Fig. 6. Cross-section morphology of free-standing film of (PEI/XNBR/PEI/GO)30 with different magnifications 
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Fig. 7. Surface morphology of (PEI/XNBR/PEI/GO)5 film which was assembled on silicon wafer with different 
magnifications.  
Fig. 8. FTIR spectra of pure XNBR film and LBL assembly film of (PEI/XNBRL/PEI/GO)30. 
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Fig. 9. DSC curves of LBL assembly film of (PEI/XNBR/PEI/GO)30 and XNBR latex film. 
 
 
 
 
 
 
 
 
 
Fig. 10. TGA curves of LBL assembly film of (PEI/XNBR/PEI/GO)30 and XNBR latex film. 
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Fig. 11. Plot of the electrical conductivity of (PEI/XNBR/PEI/GO)n films versus the deposition cycles 
 
 
Table 1. Mechanical properties of pure XNBR film and its LBL assembly films. 
Samples Tensile Strength Elastomeric Modulus Elongation 
pure XNBR film 0.73 MPa 1.2 MPa 3100% 
(PEI/XNBR)30 0.78 MPa 1.4 MPa 2200% 
(PEI/XNBR/PEI/GO)30 2.3 MPa 3.5 MPa 208% 
 
 
